There have been few studies on economic evaluation of acne treatments. Chemical peel (CP), a treatment approach primarily aimed at removing acne hyperpigmentation and scarring, is gradually accepted in the Chinese market. Objectives: This study aimed to detect willingness-to-pay (WTP) and to conduct a benefit-cost analysis for CP treatment among Chinese acne patients.
Introduction
Acne vulgaris, comprised of comedones, papules, pustules, and nodules mainly appearing on the face, is one of the most common skin disorders across age, genders, races, and skin types. 1 The reported prevalence of acne ranges from 35% to above 90% worldwide. 2, 3 In China, the prevalence of acne among adolescents is 51.3% (52.7% in males, 49.6% in females) in the North East, 4 and the prevalence of moderate-tosevere acne vulgaris among first-year college students is 10.2%. 5, 6 A study in Hong Kong in 1999 indicated that 81.5% of participants reported an acne history and 52.6% had post-acne scarring. 7 Besides, postinflammatory hyperpigmentation (PIH) is more likely to affect people with darker skin compared to Caucasians owing to differences in genetic background, exerting a more severe diseases burden among Chinese patients with acne. 8 Xiao et al With the rapid economic growth and concomitant changes of lifestyle in China, the demand for facial beauty has been surprisingly increased. 10 In the general esthetic pursuit of fairer skin in East Asia, 11 Chinese people increasingly pay attention to post-acne outcomes such as scars and PIH, in addition to the disease per se. Hence, the management of acne should not only include traditional anti-inflammatory and keratinization-moderated drugs but also integrate cosmetic therapy for post-acne sequelae. 12 Chemical peel (CP), an adjunctive treatment for acne management, has mushroomed in treating acne blemishes and removing acne scars for the last three decades. 13, 14 CP not only can help speed up the resolution of acne, to the renewal of the skin surface, but can also exert anti-inflammatory effects on acne. CPs are classified into superficial, medium, and deep CP according to the concentration of acid and the depth of skin injury. Light-to-medium depth peels, such as glycolic acid (GA), are more popularized due to their significant benefits for mild-to-moderate acne scars and PIH with rare side effects. [15] [16] [17] However, the application of CP should be more cautious among Asians because of the natural differences between the skin type of Asians and white people. 14, 18 Hence, CPs can only be legally administered in qualified clinics under the supervision of certificated dermatologists in China. This new adjunctive treatment has been gradually promoted in treating various acne indications. It was reported that improved clinical outcomes were expected after an average 3-4 times of use for superficial-to-medium CPs. 17 However, the costs for facial CPs varied by countries and regions, and there were no pricing suggestions for CP in the Chinese market. Major hospitals in China set up the price individually, ranging from 100 to 200 USD per treatment.
The common approach to detecting patients' preferences and to understanding whether patient's preferences outweigh costs is to inquire about willingness-to-pay (WTP) for certain diseases and to perform benefit-cost analysis (BCA) for a specific treatment. 19, 20 WTP, a preference-based monetary tool to measure the disease burden and to explore people's attitudes to specific attributes of an illness, can serve as a proxy of the gained benefits. 20 Although WTP is not a utility, it can reflect the quality of life (QoL) in monetary value.
The current study aimed to detect WTP and to conduct BCA for a typical superficial-to-medium CP treatment (ie, GA) among Chinese acne patients.
Materials and methods study design and participants
Chinese adults aged above 18 years with a self-reported diagnosis of acne were invited to participate in the study via "WeChat," the most popular mobile chatting application in China. Anonymous online questionnaires were distributed and were completed by patients voluntarily. Informed consents were obtained from all participants beforehand. The institutional research ethics board of Xiangya Hospital, Central South University, Changsha, China approved the study protocol before implementation.
Benefits: WTP
WTP approximated benefits in our study via the contingent valuation method. 21 This approach is widely acknowledged as a theoretically acceptable method for the valuation of goods and services by potential consumers. The participants received education about the process and adverse effects of CPs, specified in GA treatment. Therefore, the respondents had adequate knowledge about the studied treatment. Three typical cases demonstrating typical and average effects of three-time use of GA treatment in Chinese patients ( Figure S1 ) were presented to the participants. WTP is elicited by the same standardized question: "How much would you be willing to pay today for one new treatment with minor side effects to achieve the effects as shown in contrast figure? (This new treatment requires three-time visits and cost two hours per time.)" The options of WTP consisted of seven discrete amounts of monetary value as follows: Chinese yuan (CNY) 50, 100, 250, 500, 1,000, 2,500, and 5,000.
Aggregated costs
We estimated costs from the patient perspective. Direct medical costs (physician visit fees, GA treatment fees, and post-treatment complementary costs), direct nonmedical costs (travel costs), and indirect costs (time off from work to visit physician) were considered (Table 1) . Since there was no standard pricing for GA treatment in China, the price per GA treatment was estimated using the mean cost in three Chinese tertiary hospitals (Xiangya Hospital; The Third Xiangya Hospital; and Xiangya Second Hospital, Central South University). Physicians' professional fees and indirect costs in term of time loss were estimated according to the data from the 2017 Yearbook of Health Statistics of China. 31 All costs in this study are expressed in USD with an exchange rate of USD 1=CNY 6.23 (2017) .
BcA
The BCA model was based on the benefit-cost ratio (BCR), calculated as the average WTP divided by the total cost for GA peels, from the patient perspective (Figure 1) . If the benefits outweighed the costs (ie, BCR.1), the GA treatment was considered worth providing. 
Other variables
The Cardiff Acne Disability Index (CADI), 22 ,23 a widely used tool to assess adults' acne disability, was used to examine the correlation between CADI and WTP. A higher CADI score implies a greater QoL impairment. Information regarding age, gender, income, marital status, acne history, and selfrated acne severity (0-5) were also collected.
statistical analyses
The average WTP for each scenario was analyzed respectively. Medians, IQRs, means, and SDs were used for statistical description. Paired t-test and Wilcoxon matched-pairs signed-rank test were used to compare the mean and median WTP among the three cases. Generalized linear models with a logarithm link function and gamma distribution were used to estimate the associations of WTP with the characteristics of the participants. Regression coefficients of the log-gamma models were transformed to ORs for better interpretations. SAS 9.4 (SAS Institute, Inc., Cary, NC, USA) was used for statistical analysis. P,0.05 was considered statistically significant.
ethics statement
This study was conducted according to the guidelines laid down in the Declaration of Helsinki. All procedures involving patients were approved by the Institutional Research Ethics Board of Xiangya Hospital, Central South University (Changsha, China). Written or electronic informed consent was obtained from all patients before the investigation.
Results
The response rate was 95.4% and a total of 476 anonymous participants (female: 69.2%, male: 30.8%) were recruited of which 454 were analyzed ( Table 2) .
costs
The average cost from the patient perspective is USD 127.8 per time. The total cost per GA treatment is USD 128.5, 118.5, and 135.5 for Hospital 1, 2, and 3, respectively. The details of aggregated costs are presented in Table 1 . We informed the participants that three treatments are required to achieve the demonstrated effects, which cost USD 127.8×3=USD 383.4 in total. 
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WTP
The mean and median WTP for the three cases are presented in Table 3 . Differences in WTP were statistically significant between Case 1 and Case 3 (P,0.001), and Case 2 and Case 3 (P,0.001), but not significant between Case 1 and Case 2 (P=0.255). Factors for WTP were analyzed using log-gamma models owing to better goodness-of-fit than general linear models. As shown in Table 4 , females were less willing to pay for Case 1 and Case 2 than males. Participants in the highest income group (.USD 1,538/month) were willing to pay 1.56-2.15 times the amount of money compared to those with no stable income for the cases. Patients with the highest self-reported severity were willing to pay 2.31-4.62 times the amount of money compared to those with the lowest severity score for the cases.
cADi
The mean CADI was 4.0±2.9, and 115 (25.3%) of the participants reported moderate-to-severe impairment by acne (CADI.5). The mean CADI in females (4.5±3.1) was significantly higher than that in males (2.9±2.0). The CADI was also associated with WTP (Table 4) . A 1-point increase in the CADI score was associated with 1.05 times the amount of money to pay for Case 2 and Case 3 (P,0.05). However, for Case 1 the CADI was not significantly correlated to WTP (P.0.05).
Bcr
As shown in Table 5 , only Case 3 had BCR.1 among the three cases, indicating that the expected benefits exceed the aggregated costs for the GA treatments. In the other two cases, the BCRs were close to 0.6. Because the denominators of the BCRs were the same across the participants, the factors for the BCRs were equivalent to those for WTP (Table 4) .
Discussion
WTP for cases with different efficacy ranged from USD 222.0 to 401.7. The aggregated costs for three GA treatments were USD 383.4 on average. WTP was significantly associated with gender, a higher self-reported acne severity, and a higher CADI score across the cases. Case 3 had BCR.1, while Case 1 and Case 2 had BCR,1. Instead of detecting cost-effectiveness using the traditional methods with cost/clinical outcomes or cost/qualityadjusted life year (QALY), our study identified WTP for the 
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efficacy of certain acne treatment and then performed BCA for GA in acne treatment, providing evidence for healthrelated QoL of acne and evidence of pharmacoeconomics for CP in China. In the past, the WTP method to reflect utility in monetary terms was scarcely used in the field of dermatology. [24] [25] [26] [27] [28] [29] For skin conditions with the rare risk of disability or death, WTP can reflect and express the disease burden in a monetary manner, which may be more accurate and direct in detecting the impaired QoL compared with the traditional tools such as QALY and time tradeoff. 30 In addition, by calculating whether the expected WTP value can be sufficient to cover the expected costs, BCA can help to make decisions and subdivide patients' demands. In the present study, the elicited WTP values are valid because WTP was significantly related to income, in accordance with the economic common sense. Our results showed that young people in China were willing to pay for the GA treatment of acne, primarily when the efficacy of treatment was satisfactory and the self-reported acne severity was high. The visualized effects of Case 3 are more apparent compared to the other two cases since the removal of hyperpigmentation and redness in Case 3 is the most effective among the three cases. The different effects across the three cases may be due to the heterogeneity toward CP among Asians.
A significant positive association between WTP and selfreported acne severity was observed for all three cases after adjustments (P,0.01). WTP was also positively associated with the CADI with a moderate effect size, consistent with 
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Xiao et al a previous study on the QoL of acne. 22 Interestingly, the mean CADI score in female participants was significantly higher than that in male participants, but WTP in men was significantly higher. A possible explanation is that although female patients have a heavier perceived burden of acne, as indicated by the CADI, they have more information and channels for acne treatments as well, compared with male patients. Therefore, male patients may better appreciate the benefits of the GA treatments.
The present BCA indicates that the overall benefits outweigh the costs for the GA treatment in Case 3, but the costs offset the benefits in Case 1 and Case 2, indicating that Chinese patients hold positive attitudes toward GA treatment, especially when the acne is perceived to be severe and the expected efficacy is desirable. However, the significant differences in WTP across the cases indicate that patient segmentation for personalized acne therapies is needed.
As with any modeling-based analysis, the limitations of this study are inherent. First, the selected sample cannot represent the whole demographics of Chinese acne patients. This sample was younger and more educated compared to the general population. However, no significant difference in WTP was identified across age, employment, and educational groups. Further, WTP is different, by nature, from utility measurement. Using WTP to represent the benefits of one treatment would be partial to capture effectiveness or utility. In addition, because it is hard to standardize and quantify the expected effects due to the varying effects across different skin types and acne types, expert-selected cases for WTP detection might lead to less accuracy and more subjective conclusions. However, in order to meet both the needs for accuracy and representativeness for broader patients, illustration in visualized cases is the most feasible way to demonstrate the expected effects and to detect WTP.
Conclusion
CPs are an acceptable acne treatment from the perspective of health economics. Although the benefits of GA treatment have not generally exceeded their aggregated costs across three cases, WTP is positively associated with self-reported acne severity and desirable treatment effects. Acne treatments can be personalized and tailored according to the extent of QoL impairment in China.
